In this document we give our responses to the referee report. We have copied the text of the referee report and address all of the comments and suggestions. The referee report text are in italics. 
On the other hand it is my feeling that the analysis does not reveal much more than what was already known. Claims that AOT to NO2 ratios can be used to estimate local efficiency of combustion are to my opinion not justified. Although combustion efficiency plays some role in determining such ratios, they are more dependent on the specific emission characteristics of the regions (traffic-power generation-industry-biofuel) and the

Response:
We think that our work shows some new and interesting results. First of all we show that spatial correlation between AOT and NO2 can be used to distinguish differences in the aerosol composition and underlying emission controls (comparison east vs. west Europe, comparisons industrial regions in Europe, US, China and biomass burning regions). To our knowledge, this is the first time that such a distinction can be made based on global satellite observations alone. Comparisons with a global model show that the large-scale features can be reproduced, however there are significant differences in several regions. In many of the industrial and biomass burning regions of the world, satellite instruments observe significant spatial correlation between the AOT and NO2, formaldehyde or both. We show that in China AOT is spatially correlated with NO2, SO2 and formaldehyde, although the spatial patterns differ and the strongest correlation is with formaldehyde. Finally we show how the combination of satellite data of AOT, NO2 and formaldehyde reveals the importance of biogenic emissions for AOT in the summer in the southeastern United States, which the GEOS-Chem model can not reproduce likely due to the too strong wet deposition in the model (as we discussed with the references in the manuscript).
We agree with the referee that the term combustion efficiency is not covering what we intended to say. Combustion efficiency refers to the combustion process itself, whereas the AOT to NO2 ratio is an indicator of the extent to which emission controls that are in place in a particular region. We therefore replaced the term "combustion efficiency" with "regional pollution control indicator" throughout the manuscript.
The statement in the abstract and in the conclusion have been changed to : "Simulations with a global chemistry transport model (GEOS-Chem) capture most of these variations, although on regional scales significant differences are found."
Regarding the errors in the AOT to NO2 ratio we have followed the suggestion to add information on the estimated accuracy to section 2 (see below). We estimate the error in the ratio in regions dominated by anthropogenic sources to be 20-35%, which is much smaller than the observed global variations.
Finally, not explored in this study, but potentially more relevant is a stronger link to improving emission inventories. If one would ʼzoom-inʼ into specific regions dominated by e.g. industrial emissions, an analysis of these ratios could perhaps lead to an increased knowledge of the effectiviness of e.g. particles abatement measures. I would recommend an stronger connection to emission inventories and to emission modellers.
Response:
We agree with the referee that this is a very interesting direction for research with combined satellite data sets. In the similar direction, we like to emphasize that the GEOS-chem results showed in this study is the result of a standard model run without tuning any emissions. Hence, the analysis presented in our paper, does show that current models are capable of not only capturing the large-scale pattern of aerosols or single aerosol species, but also capturing the large pattern of the AOT-NO2 ratios. Such agreement has important implications for emissions. For example, in biomass burning region, the agreement in ratios can be a good indicator that the emission factors for gases and particles are internally consistent. On the other hand, when the simulated ratios show good agreement with observations, but the AOT and gas amount in the model are both lower than in the observations; this indicates that our total fire emissions are too low, but the emission factors for the relevant species are appropriate. Hence, looking at the comparison of ratios can help us further identify the potential for improving emissions. In line with these ideas, we see this manuscript as a starting point, and will explore some of the possibilities on global and regional scales.
I have my doubts whether this should be published in itʼs present form, but I do suggest the authors to follow some of my suggestions to improve the significance of the manuscript. Possibly use of CO data could also improve the statements on combustion efficiency and biogenic emissions.
Response: We agree with reviewer 2 that the term ʻcombustion efficiencyʼ is inappropriate. We have replaced the term "combustion efficiency" with "regional pollution control indicator", as discussed above. We did not intend to claim that the AOT to NO2 ratio provides information on the local combustion efficiency. The local combustion efficiency depends strongly on the local ensemble of different emission categories and the extent of control for these sources. Nevertheless, we still believe that the ratio of AOT to NO2 provides an interesting characterization, at least on a regional scale, of large-scale combustion practices and can be used to discriminate between combustion practices in various regions of the world. We have not repeated our analysis with satellite measurements of CO, because most CO retrievals are especially sensitive to CO at higher altitudes, away from the source regions. In this work we focus mainly on pollution source regions, and sensitivity down to the ground is imperative. Even so, it is a good suggestion to include CO in future analysis of aerosols and trace gases, because it originates from the same combustion sources, has a longer lifetime than NO2, and therefore is a good tracer for long range transport of pollution plumes. 
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